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METHOD AND APPARATUS FOR CDMA-DISPATCH SOFT HANDOFF 



Cross-Reference To Related Application 

This application is related to the following co-pending applications 
all filed on even date herewith, all assigned to the assignee of the present 

10 application, and all hereby incorporated by reference into the present 
application: "METHOD AND APPARATUS FOR MOBILE-INITIATED, 
CDMA-DISPATCH SOFT HANDOFF," "METHOD AND APPARATUS 
FOR BASE-INITIATED, CDMA-DISPATCH SOFT HANDOFF," 
"METHOD AND APPARATUS FOR QUICKLY ESTABLISHING A CDMA 

15 DISPATCH CALL," and "BASE SITE AND METHOD FOR QUICKLY 
ESTABLISHING A CDMA DISPATCH CALL." 

Field of the Invention 

20 The present invention relates generally to the field of wireless 

communications, and more particularly, to code division multiple access 
(CDMA) communication systems and dispatch group call communication 
systems. 

25 Background of the Invention 

A typical dispatch two-way radio communication system comprises 
communication units, communication resources, communication sites, 
and a communication resource allocator. Each of the sites has a 
30 substantially distinct coverage area and is geographically located 
throughout the system. Each site also has a number of communication 
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resources assigned to it, where at least one of the communication 
resources is used as a control channel, while a number of the remaining 
communication resources are used as voice channels. Such systems are 
known to use both frequency division multiplex access (FDMA) and time 

5 division multiple access (TDMA) methods to rebroadcast transmissions. 

The communication units are typically arranged into communication 
groups (talkgroups) and may be located anywhere within the system (in 
any site). When a communication unit of a talkgroup requests a group 
call, it transmits, via a control channel of the site in which it is located, an 

10 inbound signaling message to the communication resource allocator. (A 
group call typically allows all members of the same talkgroup that are 
located within the system to communicate with each other.) The inbound 
signaling message generally comprises the requesting communication 
unit's individual identification number, the requesting communication unit's 

15 talkgroup, and a request for a group call. Upon receiving the inbound 
signaling message, the communication resource allocator will allocate a 
voice channel in each site to the requesting communication unit's 
talkgroup. 

Thus, in FDMA and TDMA dispatch systems a forward link is 
20 established (one in each site where communication units are present) and 
monitored by all units involved in the group call in that site, and a single 
reverse link which is used by the group member who is currently 
transmitting to the other members. Non-transmitting talkgroup members 
are typically in a listen only mode (i.e., not able to transmit when another 
25 member is talking) and thus are not allocated a dedicated reverse link. In 
a TDMA system, for example, time slots are allocated to different users. 
A talkgroup member transmitting on an assigned reverse link, is allowed 
to use full power transmission to support short bursts of signals in 
allocated time slots. Despite the discontinuous or discrete nature of this 
30 approach, the listener receives what appears a continuous service. 
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In the last decade, in response to an ever-accelerating worldwide 
demand for mobile and personal portable communications, spread 
spectrum digital technology, of which one type is known as CDMA, has 
achieved much higher bandwidth efficiency for a given wireless spectrum 
allocation, and hence has proved to be an excellent alternative for serving 
large populations of multiple access users, than analog or other digital 
technologies. CDMA relies on processing power to extract a coded signal 
embedded across a broad frequency spectrum. The only way to extract 
the wanted signal from among many other overlaid unwanted signals is to 
have the right code. The use of coding allows more channels to be 
derived by the overlaying of carriers one over another and greatly 
enhances performance in terms of derived channels per hertz of 
bandwidth. 

CDMA is well suited for cellular communications, but has never 
been employed in a conventional dispatch system. Unlike conventional 
dispatch systems, CDMA systems require soft handoff at cell (site) 
boundaries. During a soft handoff, a communication unit, or mobile station 
(MS), receives the call transmission from multiple cells simultaneously 
until it completes the soft handoff. Employing CDMA in a conventional 
dispatch system requires a solution to the problem of providing soft 
handoff for multiple MSs that are participating in the dispatch call. 
Therefore, a need exists for an apparatus and method for CDMA-dispatch 
soft handoff. 

Brief Description of the Drawings 

FIG. 1 is a block diagram depiction of a communication system in 
accordance with a preferred embodiment of the present invention. 
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FIG. 2 is a block diagram depiction of base sites and a mobile 
station (MS) from the communication system of FIG. 1 in accordance with 
a preferred embodiment of the present invention. 

FIG. 3 is a logic flow diagram of steps executed by a base site in 
accordance with a preferred embodiment of the present invention. 

FIG. 4 is a logic flow diagram of steps executed by a mobile station 
in accordance with a preferred embodiment of the present invention. 



= ~ Description of a Preferred Embodiment 

To address the need for an apparatus and method for CDMA- 
QQ 15 dispatch soft handoff, the present invention provides soft handoff to 

s y mobile stations (MSs) in a dispatch call by sharing soft handoff 

W information with all the MSs in the call at a base site. When a first MS 

a! 

q needs to soft handoff, the identity of a soft handoff channel at an adjacent 

P base site is shared with all the MSs. Thus, subsequent MSs that need to 

20 soft handoff to that adjacent base site may do so without requesting a soft 
handoff. 

The present invention can be more fully understood with reference 
to FIGs. 1-4, wherein like numerals designate like components. FIG. 1 is a 
block diagram depiction of communication system 100 in accordance with 

25 a preferred embodiment of the present invention. The wireless 
communication system 100 is a suitably modified CDMA system, such as 
a Wideband Spread Spectrum Digital Cellular System in accordance with, 
for example, the Telecommunications Industry Association/Electronic 
Industries Association Interim Standard 95 (EIA/TIA IS-95) as known in 

30 the art. System 100 comprises a plurality of communication units 120-123 
that are each members of the same talkgroup. In the preferred 
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embodiment, each of the communication units 120-123 is physically 
capable of duplex communications, although during typical group 
communications, only a single communication unit is transmitting at a 
time. 

The fixed infrastructure comprises those elements normally 
required to support communications within wireless system 100 and, in 
the preferred embodiment, conforms to a typical CDMA architecture. In 
particular, the wireless CDMA communication infrastructure comprises 
well-known components such as base sites 111 and 112 and their 
respective service coverage areas 102 and 103. In practice, the base 
sites 111 and 112 typically communicate with one or more base site 
controllers, a switch, and additional well-known infrastructure equipment 
not shown. To illustrate the present invention simply and concisely, the 
communication infrastructure has been limited to that shown in FIG. 1. 

FIG. 2 is a block diagram depiction of base sites 111 and 112 and 
mobile station (MS) 120 in accordance with a preferred embodiment of 
the present invention. (The widely-used, term-of-art, "mobile station," is 
used interchangeably with "communication unit" throughout this 
description.) Base site 111 comprises transmitter 141, receiver 142, and 
controller 140. Base sites in general and base site transmitters, receivers, 
and controllers in particular are well known in the art. Controller 140 
preferably comprises one or more memory devices and processing 
devices such as a microprocessor and a computer memory. In the 
preferred embodiment, under the control of software / firmware algorithms 
stored in the memory devices of base site 111, base site 1 1 1 performs 
those tasks required for well-known base site operation and, additionally, 
the method described relative to FIG. 3. 

Each of the communication units 120-123 comprises a common set 
of elements. In particular, processor 150, which typically comprises one 
or more processing devices (e.g., microprocessors, digital signal 
processors, etc.) and memory devices, is coupled to transmitter 151 and 
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receiver 152. Each of these elements is well known in the art. In the 
preferred embodiment, under the control of software / firmware algorithms 
stored in the memory devices of MS 120, MS 120 performs those tasks 
required for well-known MS operation and, additionally, the method 

5 described relative to FIG. 4. 

CDMA communication channels 134-137 are effectively provided 
through the use of codes using well-known techniques, e.g., through a 
combination of orthogonal Walsh codes and pseudorandom noise (PN) 
sequences. In the preferred embodiment, channels 134-135 comprise 

10 full-rate outbound traffic channels transmitted by base sites 111-112, 
respectively. Preferably, channel 136 is an inbound access channel on 
which any mobile station (MS) in the system may signal base site 111. 
Lastly, channel 137 is a low-rate inbound link used by an individual MS to 
communicate forward power control information, soft handoff information, 

15 and / or reverse power information. The use of this link is described at 
length in U.S. Patent No. 5,914,958, entitled "FAST CALL SETUP IN A 
CDMA DISPATCH SYSTEM," and U.S. Patent No. 6,115,388, entitled 
"ESTABLISHMENT OF MULTIPLE LOW-RATE INBOUND SIGNALING 
LINKS IN CDMA DISPATCH SYSTEM," both of which are hereby 

20 incorporated by reference. 

Operation of a preferred communication system 100 occurs 
substantially as follows. When a dispatch call is initiated, full-rate CDMA 
outbound traffic channel 134 is established by base site 111 and used to 
begin transmitting the dispatch call to MSs 120-123. Preferably, after 

25 beginning to receive the call via channel 134, MS 120 transmits a request 
to base site 111 via access channel 136 to establish a low-rate inbound 
link with base site 111. Inbound link 137 is thus established. Like MS 120, 
MSs 121-123 would also establish their own low-rate inbound links with 
base site 111. All these low-rate inbound links are established in accord 

30 with the description in U.S. Patent No. 5,914,958 or alternatively with the 
description in U.S. Patent No. 6,115,388, both referred to above. 
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Sometime during the dispatch call, base site 111 determines that 
MS 120 should begin a soft handoff with base site 112. This determination 
can take at least two different forms depending on whether system 100 
uses mobile-initiated soft handoff or base initiated soft handoff. In the 
mobile-initiated case, MS 120 uses inbound link 137 to request a soft 
handoff to base site 112. In the base-initiated case, base sites 111 and 
112 determine from MS 120's signaling that MS 120 should begin a soft 
handoff with base site 112. Related applications filed on even date 
herewith and entitled "METHOD AND APPARATUS FOR MOBILE- 
INITIATED, CDMA-DISPATCH SOFT HANDOFF" and "METHOD AND 
APPARATUS FOR BASE-INITIATED, CDMA-DISPATCH SOFT 
HANDOFF" describe these activities in greater detail. 

To support the soft handoff, base site 112 establishes full-rate 
CDMA outbound traffic channel 135 and begins transmitting the dispatch 
call in progress. To notify MS 120 of channel 135's availability for soft 
handoff, base site 111 preferably uses in-band signaling on channel 134 
to indicate the identity of channel 135 and base site 1 12. In addition, base 
site 1 1 1 may also indicate the identity of MS 120 as a means to address 
the signaling to MS 120. 

Although MS 120 has been determined to need a soft handoff, 
other MSs also part of the dispatch call, such as MS 121 and MS 122, 
may be close to handing off themselves. Moreover, because this is a 
dispatch call, there may be many more MSs involved in the call that also 
will need soft handoffs. For example, many callers might be on a train 
traveling towards base site 112 and require soft handoffs at virtually the 
same time. If they all attempt to request soft handoffs during the same 
period of time, system 100 may be overloaded potentially resulting in 
dropped calls. It is also possible that due to limited system resources not 
all MSs are able to obtain low-rate inbound links with base site 111. 
Without such links, these units may not be able to request a soft handoff 
at all. 
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To address these problems and to generally increase soft handoff 
efficiency, the present invention proposes that base site 1 1 1 signal MSs 
120-123 (i.e., all MSs receiving the dispatch call via channel 134) 
indicating the identity and availability of channel 135 at base site 112 for 
soft handoff. Thus, MSs 120-123 all receive the notification that channel 
135 at base site 1 12 can be used for soft handoff. In addition to MS 120, 
then, the other MSs, as needed, can begin a soft handoff by 
simultaneously receiving the dispatch call via the channels 134 and 135. 
Some of the MSs in the dispatch call are thus enabled to begin a soft 
handoff without the need to signal base site 1 1 1 or the need to have an 
inbound link with base site 1 1 1 established. In fact those MSs that begin a 
soft handoff with base site 112, may then request an inbound link with 
base site 112 whether or not they were able to obtain inbound links with 
base site 111. 

In an alternative embodiment, rather than conveying the identity 
and availability of channel 135 at base site 112 via in-band signaling on 
channel 134, base site 111 could use a paging channel to convey the 
information. Specifically, base site 1 1 1 could transmit a broadcast page 
that conveys the identity and availability of channel 135 at base site 112. 
This broadcast page could also include a talkgroup ID to direct the page 
to the talkgroup involved in the dispatch call. All the MSs in the dispatch 
call who are simultaneously scanning the paging channel could thus 
receive the soft handoff information. 

FIG. 3 is a logic flow diagram of steps executed by a base site in 
accordance with a preferred embodiment of the present invention. Logic 
flow 300 begins (302) as a dispatch call is being set up by the base site. 
The base site preferably establishes (304) a full-rate outbound traffic 
channel on which to transmit (306) the dispatch call to a number of MSs in 
the base site's coverage area. The base site also establishes (308) a low- 
rate inbound link for the dispatch call with each MS that requests a link 
and for which channel resources permit. Upon determining (310) that one 
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of the MSs should begin a soft handoff, the base site conveys the identity 
of a traffic channel at an adjacent site that can be used for a soft handoff 
to all of the MSs in the group call. Thus, the MSs are able to soft handoff 
as needed to a particular adjacent site after one of the MSs is determined 
to need a soft handoff to that adjacent site. 

FIG. 4 is a logic flow diagram of steps executed by a mobile station 
in accordance with a preferred embodiment of the present invention. Logic 
flow 400 begins (402) when the MS begins to receive (404) a dispatch call 
via an outbound link from a base site. Without signaling the base site 
regarding the need for a soft handoff, the MS receives (406) an indication 
of the identity of an outbound link from an adjacent base site on which the 
dispatch call can be received. When the MS needs to soft handoff to the 
adjacent site, the MS begins (408) a soft handoff by simultaneously 
receiving the dispatch call via both outbound links. Thus, logic flow 400 
ends (410). 

While the present invention has been particularly shown and 
described with reference to particular embodiments thereof, it will be 
understood by those skilled in the art that various changes in form and 
details may be made therein without departing from the spirit and scope of 
the present invention. 

What is claimed is: 
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